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.

INVESIYKM.TIONSAT SUPERSONICSPEEDS .

OF‘THI!BASEPRESSUREON,BODIESOFREVOLUI’ION

WITHANDWITHOUTSWE3D3ACKSTABILIZINGFINS

By EugeneS. LoveandRobertM. O~Donnel.1

SUMMARY

An investigationhasbeenmadeatMachnumbersof 1.62,1.93, and ‘--
2.41todeterminethebasepressureonbodiesofrevolutionwithand
andwithoutsweptbackstabilizingftis. Theeffectsofnoseshapeand
baseshapewerefivestigatedfora bodyhavinga cylindricalcentersec. -
tion;andtheeffectsof cut-offlengthwere<tivestigatedfora slender ‘-
parabolicbody. Theeffectsof stingdisme~randdisturbancesentertig
thewakewerealsodetermined.Theover-allReynoldsn~ber”rangeOf
thetestswasapproximatelyfrom1 X 106to10X 106,basedonbody
length.

TheresultsshowedthatvaryingtheReynoldsmimberhaslittle
effectuponthebasepressureoffinnedbodiesand

%!!
atthevariation

ofbasepressurewithReynoldsntiberforunfinned diesfollow8the
patterndescribedinNACARM L~2H21andthequalitativepredictionsof
Croccoad Lees.Theeffectofnoseshapewasmall agdessentially
thessmeforboththeftied andmfinnedbodies.Someof thebase
shapes,thoughconsiderablyclifferentgeometrically,realizedapproxi-
matelythesamebasepressurebecauseoftheirsimilarwakes.,Forthe
parabolicbody,thevariationinbasepressurewithcut-offlength
followedcloselythetrendandmagnitudeof thepressureonthebody
surface~ud aheadofthebase. Thisvariationh basepressureheld
truefortherearmostportionofthebodywherethepressurerecovery
createdpositivepressures.Thebasepressureof theparabolicbody
wasmoresensitivetovariationsh stingdismeterthanw&rethebase
pressuresforthebasesofthebodywitha cylindricalcentersection.
Indicationsarethat.~stuxba,ncesmaybe pemittedcloserto thebase
forsting-supportedboTfi~&-fQ.Qodies infree-flightcondition.
Forsweptbackftisof‘thetfie-q~oyedinthisinvestigationand
similarlylocatedwithrespecttothebase,theeffectsof thefins
uponthebasepressureareessentikkiyviscouseffectsthatare,for
the“mostpart;eliminatedwhentheReynoldsnumberfornaturaltransi-
tiononthebodywithoutftisisexceeded.

—
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INTRODUCTICM?

Theproblemofaccuratelypredicting
revolutionat supersonicspeedscontinues
tioninthedesignof supersonicaircraft

. —.. =
*

.,—
&’ebase-pr;ssureOribodiesof “2-
toreceiveconsiderableatteu- ——
andmissilebodies.To date,

-“

nomethodhasbe;npres&tedforevaluatingbasepressurethatincludes
alloftheprimsryinfluencingvariables.Accordingly,an accumulation
of experimentaldatacoveringvariouscombinationsofthevariablesseems
necessary.A numberof comprehensiveexperijnentalinvestigationshave
beenconductedalongtheselinesinrecentyears.Althoughmostofthis
workhasbeendoneinwindtunnels,free-flightinvestigationshavealso
madesignificantcontributions,particularlyinthatfree-flightresults
offercomparativedatawithandwithoutsupportsystemssimilarto those
employedinwind-tunnelwork.Thesupport-interferenceeffectsonbase
pressurehaveprobablyreceivedasmuch,ifnotmore,studyintid-
t~el investigatimsthantheprimaryinfluencing v=iablescommonto
actualflight,andthiseqphasisseemsnecessaryife“tirapolationsof
datato conditionsofzerosupportlnterfer&nceareto”bereliatile.““

Thepurposeofthepresentinvestigationwasto obtainadditional.
expertient.alb“ase-pressure@ta forbodiesofrevolution.Inthis
investigationam attempt”hatibeenmadetoduplicatefree-flightconditions
inthewindtunnel,insofarasbasepressureisconcerned;forbodies
havfig sweptb.ackcruciformstabilizingfins. Inthese.teststhe.bod$=.
weresupportedby thesweptbackfins.Theeffectsofn-oseandbase
shapewereinvestigatedfora bodyhavinga ‘~ylindricalcentersect$on..
Thenoseshapesincluded-aradomecontour;& ogive,anda cone; the
baseshapeswerecoujcal,cylindrical,cusp--endabruptboattail.The
effectsof’varyingme baseareaona parabolicbodym=retivestigated‘-
by varyingtheafterbodylengthto givebaseareasfrozqapproximately
zerotothatimmediatelyaft”ofthefin-bodyjunctuxe..:Theeffectsof
sting-supportdiameterandtheeffectsofdisturbancesenteringthewake
intemnsof distemcefromthebasewereinvestigatedfo~therepresenta-
tivebaseconfigurations.Inthetestsdescribedabove-theReynolds
numberwasvariedwithina rangeapproximatelyfrom3 X“”106to8 X 106,.
unlessReynoldsntibereffecthad%eenshowntobe insignificant.

Forassessingtheeffectsofthefinsuponbasepressure,them-&lE
weretestedwithoutfinsandmountedon stin&”supports...Inthesetests
theReynoldsnumberwasvariedfrm approximately1X @ to10x 106.
Withminor exceptions, alltestswereconductgdatMachnunbersof 1.62,
1.93, “end2.41.
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SYMBOIS

Machnumber
PB

base-pressurecoefficient, - Po

%

distancemeasuredparallelto centerlineofbody

distancemeasurednormalto centerlineofbody

Reynoldsnumberbasedonbodylength

actualbodylength(tip-to-tipforparabolicbody)

msximmnbodydismeter

basediameter

stingdismeter r ~ .

finspan,normalto centerlineofbody

()fineffectonbasepressure,PB
withfins ()-%3

withoutfins

radius

wskedismeter

pressurecoefficient

basepressuxe

free-stresmstaticpressure

free-stresmdynamicpressure

APPWUS

WindTunnel

TheLangley9-inch supersonictunnelisa continuous-operation,
& closed-circuittypeinwhichthepressure,temperature,andhunidityof

theenclosedaircambe regulated.DifferenttestMachnumbersare

.
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providedby interchangeablenozz”~eblocks.~~chformtest6ections
approximately9 inchessquafe.Elevenfine~eshturb~ence-damping
screensaretistalledintherelativelylarge-areasettlingchamber
aheadofthes~.ersonicnozzle.Theturb@aicelevel“o-fthetunnel

.-

.6---

ii’ “ ‘“..”KZ
consideredlGw,basedontheturbulence-levelme&zrementspresented
inreference1.

.-U
A schlierenopticalsystemisprovidedforgyali~~iv: ~ _ ;:.=

flowobservations.- .

Models=d Supports
--

.—.“--

A drabg ofthemodelhavinga”cylindricalc~ter~,sectionand. .{-
interchangeablenoseandbasesections“ispr@entedin.~igure1. A
photograph-oftheseparts.isshownh figure2. Thethreenosesection-a””
wereofe“qwllengthandcorisistedofa conicalnoseofapproxktely
10osemiapexsngle,an ogivenoeewitha 7.97-caliberradius,anda
nosehavinga radomecontourofl.~O-caliber-extent.me radomecontour
wascomputedfromtheconditionsandrelationssupplied_bytheRepublic
Aviation.Corporationthatgivethelimiting@ape fora.radm With
hasfncidenceanglesno”gkeaterth~ somespecifiedvalti(70° m the
presentcase).Thefourbasesectionsconsistedofa cylindricalbase,.
an abrupt-boattailbase,’aconicalbaseofapproximateJ&10°slope,and
a cuspbasedefinedby thefollowingequation,whichgi+esno disconti-
nuityatthejunctureofthecylhlricalpo~t~onandthe,:.base”shapeand ‘
giveszeroslopeattherearmoststation:

-.

Jr--- -.. !5
_. .--=

. . .

. .-

------

.
.—— -——

.-. .. ..
3“...

,.

._.-

r =6(r:2~r2)(-@+r:,” .... . ..-
(1)

—

In thisexpressiontheorigin@ takenat thefitersection”ofthecen~r
ltieofthebodyandtheperpendicularplaneattheend...ofthecylindrical
portion,andthesubscripts1 and2 denoteInitialandfinalconditions,
respectively.Allthebasesections’wereofequallengthand,excluding
thecylindricalbasesection,hadequalbase5reas.Th6--finenessratio_
ofanycombinationofnoseandbasesectionwas9.167. “-

A drawingoftheparabolicbodyinpositiononthe‘fin-supported...““
spindleis showninfigure3, anda photograph,ofthemodelwitha break-
downoftheranovablebasesegmenteis sho~”infigure.k~The shape
equationforthisbodyis

—
..,.-

. .-

.’ ...
. . .

.,===

..

r= .o.1827x- CJ.0189PX2 (2)
.—
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Thetip-to-tipfinenessratiois10.94;however,itwasnecessaryto cut
offa small.portionofthe.basetiptoagcon?nodatetheaccessholefor.9.“_..._.
0.030-inchbase-pressureleadttie.Thecut-offWELStherefore-de as -.

showninfigure3 to= over-alllengthof9.75inchesanda minimum
basedismeterof 0.0376inches;thismadeallbasese@nts of eq~l “~
length(0.y inch):Thefinenessratiosrepresentedby thefivebase
segmentsandtheratiosofbasedismetertomaxinuzmbodydismeterare
tabulatedbelow.

.

Base I FinenessI h
ratio’ 5

A 8.609 0.672
B 9.165 .545
c 9.720 ● 393
D 10.27 .231
E 10.83 .042

essentiallythessmeThefinenessratioforbaseB (9.165)is seentobe
as thatforthebodywithcylindricalcentersection(9.167).“

Figure5 presentsa tiawingofthefinnedbase-pressuremount.The
fourfinshadcircular-srcsectionsanda thicknessratioof approxi-“
mately0.08by actualmeasurement.At a pointbelievedtobe sufficiently
farouttohaveno effectonbasepressure,theftichordwasincreased
as shownforstrength.Allof thefinsweresweptback45°withrespect
to thecenterlineofthesptidleandthereforeof thebody. In the
tunnelinstalktiontheftislayh p~es 45°fi~ thep~es ofthe
tunnelsidewallsandtheirouterendswereattachedto thetunnelside
walls. Thecenterhe ofthespindlewasco@cidentwiththecenter
lineofthetunnel.A pressureleadtubewasinlaidalongeachofthe
twaupperfinsandventedtothepressurechsmberwithinthespin~e
(seefig.3).’Thefinswereattachedandsealedairtighttothespindle
tithsilversolder,whichin conjunctionwiththegasketarrsag~ntat
thebaseofthespindlepreventedsayeffectsfrompossibleleskage

. throughthesmallbeeswaxfairings~loyed intheslotsattheffi-body
junctures.

. ..— —

. -.
-. —.

. .

Aphotographoftheparabolicmodelinstalledonthemountoutside
thetunnelisshowninfigure6. (Duringthetests,modelsad p~ts
wereinterchangedwithoutremovingthemountfreinthetunnel.) As shown
infigure3,a tubesolderedto theholeM thepressure-chsmbercap‘
screwpassedthrougheachbasesegmenttothe
ularbasese~entunderinvestigation,tithfi
wellsheadofthebaseexit.As thebody-was

basecavityofthePartic- ...
whichitwastermtiated
foreshortenedthelnibewas

.—

.
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cutoffby theappropriatesmount.A~thoughQO leakage-nsexperienced
fromthebase-se@nentjunctures,thettiewascoatedwithstopcock
greasewhereveritpassedthrougha basesegment.ForbaseA ofthe
parabolicbodyendallthebasesemployedwiththecylindricalcember
section,nottibewasnecessaryandtheholeinthepressure-chambercap
screwwasthe pressure-sensingpetit.

Allmodelpartsandthe’mount””wereconst~ctedof &eel sndhighly
polished.All”-dimensionsweretithin0.001inchofthespectfied
valuesandthesurfaceroughnessofthefins-d modelstisof theorder
of8 root-mean-squaremicroinches.Fortestsofthemodelswithoutfins,
thefin-slotsinthemodelpartswerefilledandfairedwithsoftsolder.

A stingsupportof~-inchUsmeter,embodyingthedesignofthefin-
.-

supportedspindleat itsforward&d andextendingover4 bodydiameters
fromthebaseofeachconfiguration, wasemployedinthesetests.

Wake-DisturbanceApparatus

Forintroducingdisturbancesintothewake,a forkwasconstructed
as showninfigure7. Thetipsoftheforkprongsproducedsimilar
shockswhichenteredthewakesymmetrically.Theforkwasmountedby
itsstingsupportsothatthecenterlineofthestingsupportwas
coincident-withtheextendedcenterllneofthebodyandtheplaneof
theforkwasparalleltotheplsneofthetunnelsidewalls.The
mechanismintowhichthestingsupportoftheforkwasinsertedcould
be movedforwardandbackward,paralleltothecenterlineofthetunnel,
duringa testanditspositionwasindicatedby numerical.counters.As

.-. . --
..—

—
—-

.i “:-

.—

..:..=

.—.
.

showninfigure7, thewidthoftheforkprongswas1/2
shocksintroducedintothewakewerethereforeat least
To obtatian tidicationoftheeffectsofa disturbance
theforkprongsw=e thinnedto i/8 inch fortestswith

Dummystings

$Hllc%lde.
of lesserextent,
onebaseonly.

i..-

Fivedummystingswereemployedwiththetfi-s~portedmodels.K&e
diametersofthesestringswere1/16,1/8,1/4,5/16,and3/8inch.The
traversingmechanismemployedinthewalse-disturbancetestswasusedto
mountthestings,andporouswashers,havingdiameterscorrespondingto
theinternaldismetersof’theparticularbasesandattachedtothefor-
wardendofthestings,insuredsymmetricalalinementofthestings
withrespecttothebaseop”enings..Thedownstreamfaceofthesewashers
wasapproxhmtely0.1inchaheadoftheendofwe body=”“Thedistance
betweentheendofanybasetidthestingm&%-exceeded4 bodydiameters.”-””””‘ =

.
. ~..... .. . . . ..
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TESTS

Allmodelsandcombinationswereftisttestedinthefti-supported
conditionatReynoldsnuibersof‘2.91x 106,5.X?x 106,and8.06x 106
to detenntiehowbody,base,andnoseshapeaffectthebasepresswe.
Testswerethenconductedforrepresentativebaseconfigurationsand
allthebasese@nentsof theparabolicbodytodetermineatwhatpetit
downstreamofthebasethedisturbancesenteringthewakefromthedis-

. turbanceforkwouldceasetohaveanyeffectuponthebasepressure.
Theeffectof stingdiameterwastivestigatednextforrepresentative
baseconfigurationsandbaseB oftheparabolicbody. Thedistribution-
ofbasepressureacrossbaseA oftheparabolicbodywasthentivesti-
gatedbothtitheplsaeofthefinsand450fr& theplane.Somecon-
figurationsweretestedwitha transitionstripapproximately2.73inches
fromthenoseofthebody. Allof thesetestswereconductedatMach
numbersof 1.62,1.93,and2.41.

To assessthefineffectsuponbasepressure,theparabolicbody
withbaseA andallofthenose-basecombinationsofthebodywith
cyltidricalcentersectionweretestedinthesting-supportedcondition,
withoutfins,overa Reynoldsnumberrangeofapprox-tely1X 106to
10X 106at eatiofthethreeMachnmnbers. .-

Throughouttheteststhedewpointwaskeptsufficientlylowto
insurenegligibleeffectsfr~ condensation.Representativeschlieren
photographsweretakenofmostofthetestsandschlierenobservations
weremadeinalltests.

PRECISION

Allmodels,bothfin-sm.dsttig-supported,weremaintainedwithin
~0.loof zeropitchandyawwithreferenceto thetunnelsidewallsand
centerline,respectively.Pastmeasurementsoftheflowangularityin
thetunneltestsectionhaveshownnegligibledeviations.Theestimated
accuraciesofthetestvariablesandthemeasuredpressuresaregiven
below.

Machnwnber,M . . . . . . . . . . . . . . . . . . . . . . +0.0
Reynoldsnumber,R. . . . . . . . . . . . . . . . . . . . to.okxlo i
Basepressurecoefficient,~ . . . . . . . . . . . . . . . *o,003

Theindicatedlocationofthedisturb~ce-generatingforkwas
accuratewithin*0.015fiche,

-. _-
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Be-usethereflectedshocksfromthetunnelwall&tersectedthe”““.

wakeclosetothebaseat “M= i.62, particti=lysofortheradomenose,
specialtestsweremadeto determineiftheseshocksw&e affectingthe
accuracyofthebatie-pressuremeasurements~..FoTtiesetestsa short
lengthofa thin-walledthe approximately5 incQesin~smeterwas ~
mountedjust”sheadofthefinssoas tobe al~edwiththeflowand
symmetricallylocatedwithrespecttothebodyaxis.T~eleadingedge
of-this’“ttiesegmentwasbeveledtoa knife-e&eonits–outersurface
only,retainingzeroslopeontheinnersurface.‘l!hereflectednose
shockswereinterceptedby thisappara@sand.reflected--.lothe””tunnel‘-
wallsagain,therebymovingthepointat@ich shocks.enteredtheW’s.ke~
considerablydownstream.Theresfitsof“thesetestsshowednegligible
effectsforallconfigurationsexc”qttheradomenose,forwhichtie
basepressurecoefficientwasfoundtobe greaterby approximatelyo.078-
forallbasesintheabsenceofthe“shockreflector.”Thebasepressure.

.,+....=—..- ..-~ --- ~
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..~.
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+

—.. <
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coefficientsforties-econfigurationshavebeen

RESULD?SANDDISCUSSION

correctedby this-amount. “~

.. -

“

Inthediscussionstofollow,theres~tsofthetivestigation. ..
.- .-...-.—.>.=

willbepresentedm thefollowingorder:
“.d

K

(1)

(2)

(3)

(4)

“(5)

(6)

(7)

Finnedbodywithvaryingnoseandbassshape -. ‘“
_..7-

Q.,.+.-— .-i

Finnedparabolicbodywithv@~ cut-off-ler&h .

Effectsof sting-sqportdismetei -
.-+.: -..=.-:— -s

...- -— ----
press~edistributionacrossbaseA; parabolicbow

— >---
Effectofdist~bancesenteringwake .....=--i

Sting-supportedbodieswithoutf&s
_—-..

., ---- .. -.=-—

Fineffectsonbasepressure.
-~;:”=-- .“”..:....”.’““.-.. .

. .

Finnedbodywithvaryingnosesadbaseshape.-Ther&ultsof the
-.

base-pressuremeasuranentsforthefinned.bodyhavingcyliridricalcenter“
sectionareshowninfigure8 forthevariouscanbinatiog_s_of.nogeand .—
baseshapes.At allReynoldsnumberstheeffe=tofnose ..tiapeuponbase .. . - -—
pressureisseentobe secondaryforallbai!e‘%hape”s.A~ou& the
differentpressuregra~ientsovertheforwardpart-ofthqbodycaused

.-, ---+.

by thechange.innose shapewouldbe expectedtohavedifferenteffects
_.y.---
* .---+

upontransitionof theboundarylayerandthe”reby”affect@e basepres- - ~ ~;..;=+
sure,theseviscous-pressuregradienteffectsuponbasep.~essurewo-.iid...1.........:
be smallfora finnedbo~”sincethefin-body”Jticturetriggers --...-..”
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. turbulence.(Thistriggeringoftheboundarylayerwillbe discussed
inmoredetailsubsequently.) Theeffectofnose”shapeforthefinned
bodiesis, therefore,perdominatelya resultof thedifferenceinthe4 pressuredistributionoverthebodyandthedifferenceM thepressure
fieldaboutthebodycausedby thedifferentnoseshapes.

Figure9 presentstheoreticalK%n&Afoorepressuredistributions
overthebodyfortheconicalnosewithcylindricalbaseandforthe
ogivenosewithcylindricalbaseandconicalbase. Eachcurverepre-
sentsa 30-po3ntcalculation.If theviscousandpressureeffectsof
thefinsareassumedtobe approximatelythesaneforallnose-baseccun-
binationsjthesedistributionsgivesaneinsightintothesmalleffect
ofnoseshapeforthefhnedbodies.Comparisonofthedistributions
fora givenMachnunibershowsthatthepressureonthebodybeccanes

essentiallythessmeforbothnoseshapesat ~ AS0.8. Consequently,
theeffectofnoseshapeuponthepressuresoverthedifferentbase
shapes,andtherefo&euponbasepressure,wouldbe negligible.This
conclusionpresupposes,of course,Mat turbulentflowexistsaheadof
thebaseaspreviouslyimplied.Comparisonofthedistributionsover. thecyltidricalsndconicalbasesinfigure9(b)showshowbaseshape
altersthepressuxeandMachnumberjustaheadofthebase,andthere-

m forealtersthebasepressure.

Thedataof figure8 showthatat a givenReynoldsnunberthebase
pressuresfortheboattailandcylindricalbasesareofthesamemagni-
tude,andthebasepressures‘forthecuspandconicalbasesareof the
ssmemagnitude.Examinationoftheschlierenphotographsoffigures10
to 15 showsthatthiscorrelationbetweenbaseconfigurationsarises
fromthegeometricsimilarityof theturbulentwakesenshroudingthe

.—,.

bases.Figure8 alsoshowsthattheeffectof increasingtheReynolds .
nunberis,ingeneral,to increasethebasepresstie..Thisincreaseis ‘
smallinqostinstsmcesandmightbe,expectedsinceturbulentflow
envelopsalloralmostallofthebaseatallReynoldsnumbers,either
becauseofthetriggeringeffectofthefinsorbecausetheReynolds
nunberishighenoughto causenaturaltransitionaheadofthefin-body “
juncture.Theresultsoftestsmadewitha transitionstrip2.50inche’s
fromthenoseat R = 2.91x 106 areingoodagreementwiththeresults
atR= 8.06x 106,forwhichnaturaltransitionoccurredwellaheadof
thefti-bodyjuncture.Fornaturaltransitionat ‘R= 2.91x 106,
ladnarflowexistedovertheentirebodyexceptforthetriggering
effectsofthefin-bodyjuncture.Figure16(a)presentsschlieren
photographsat M = 1.93 fortheconicalnosewitha trsmsitionstrip
‘h co~~ctionwiththevariousbases.

Thetriggeringeffectofthefin-bodyjuncture
havtigogivenoseandcylindricalbasewereobservedby

—

onthebody
theliquid-film
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methodforseveralReynoldsnunbers-atq Ma& ‘number“~f“1.93.Sketcheq~
oftheobservedturbulencespreadand“theb-&haviorwith“Reynoldsn“&ber
arepresentedinfigure17. Ingeneral,.men lemti~_=fl~existedahead
of thefin-bodyjuncturethe”downstreamspr-eadofturb~~encewassimilar
to thatpredictedinreference2 andillustratedby luminescent-lacquer
techniqueinfigure2.ofreference3. At <hel~st Reynoldsnwnberthe
spreadofturbulencewasm&ll;permitti@gfirow reg~onsofI_a@n&rflow
toreachthebase. Indicationsofthisc“bn”ditionc= be seenin some‘Of.._
theschlierenphotographswherethecontintitionofa‘:freelsminarwake
downstr-eamofthebasefromtheregionsof IAminar.fl& @headofthe ..
baseis seentobe smallornonexiat&t.Kl?&erefore,evenatztheloyest
Re@icMsnumberti essentiallyturbulent&ke enshroudstheba~ejand
thebasepressurewouldbe expectedtoreachthelowvaluescommonto.’
turbulentscavenging.WithincreasingReyn~ldsnumberthespreadof
turbulencebecomesgreaterinthemannershownInfigure17untilthe
regionof initialtransitionmovesaheadofthejtict~eofthefin
leadingedge”andbodysurface.-”In contrast-totheturbul~cespreadon
thebody,theturbulencespreadonthefinrootsisnotriearlyso
marked;infact,thepatternofturbulencei%mati”sahost thesameuntil
thetransitionregionmovesaheadofthefin-bodyjunc%ne:Whenthis-
occurstheregionofturbulenceonthefinsis displacedoutboard.

FinnedparabolicbodywithVaryi~cut-offlength.-Theresultso& ‘-
the.base-pressuremeasurementsforthevariouscut-off=lqngthsofthe
parabolicbodyareshowninfigirre18 asa f&ctionof~ch number.The .
effectsofRey?ioldsnumberdifference-s”resdtingfrom&lfferentbody ““
lengthsaresecondarytotheindicatedeffectsofMacl__gumberandcut-”””
off.length,sincea turbulentwakeenshrouds“allbases:at”:allRemolds-.
numbers,andtheeffectsof‘the,finsincreatingturbulence,aswellas
theoccurrenceaf.nati.raltransition,areshiilartotheconditions
previouslydiscussed.Theschlierenphotographsoffigures19to21.
showthebaseThefiomenaforthedifferentc“uf-offkn@”sJ R.eynoldf.n@T. ___ .=.
hers,=d Machnumbers.Thespreadofturbulencefrom=.tiefin-be@_ .
juncturewithincreasingReynolds-numberis‘indicated<learlyin~-nym_
berof thephotograph.Furthertidications”ofsmallYeynoldsnmb~
effectuponthebasepressureisobtainedby..comparing”~ere~~tsfor
naturaltransitionwitht.hos”eobtainedwith& trtisitionstripfixed
2.50inchesfromthenose(figs.18(a) snd18(b)).Schlierenphotographs
oftheparabolicbodywithfixedtransitionat M = 1.93 areshownin
figure.16(b).Althoughnodatawereobtainedat M .=2.41 for~asesB_-
to”13forfixedtransition,-an extrapolationfollowingt-hetrendsfor ._
basesA andE wouldseem”reasonable.“ “: “

ThevariationswithMachnumberforthe:+liffere.nt~i”asesofthe ‘“-‘
parabolicbodyare,ingeneral,similarto thoseexl++bi:edbythebody
withvaryingnoseandbaseshapes.As thecut-off~en@hof thepara- _
pollcbodyisincreased,theMachnumbercortespondtiglomaxim~base
dragincreases.Thisvariationalsocorrespg~dsto-adecreasingbase

.-
,-J

. ——

- ..
. -----

. . ......-

... —-

-.
*. -.

-=

.



NACARM L52J21a 11

. area.Theresultsoffigure8 $howsuchan effectofdecreasingthe
effectivebasearea,thatis,fromcylindricalorboattailbaseto cusp
or conicalbase.

d
Figure22presentstheeffectof cut-offlengthonthebasepres-

sure.Thelargeincreaseinbasepressurewithtacreastig.length
(decreasingbasesrea)appearstobe a resultofthevariationwithcut-
offlengthofthepressureonthebodysurfaceimmediatelyaheadof the
base. Iftheviscousandpressureeffectsofthefinsareassumedto
be approxktelythessmeforthedifferentbases,thepressuredistri-
butionsoverthebodywithoutfinsgivesomeinsightintotheincreasing
basepressures,whichreachpositivevaluesforallMachnumbersas the
cut-offlengthapproa@esbodylength.Thetheoreticaldistributions
forthethreeMachnmbers, giv~ b figure23,showtherapidpressure
recoveryovertherearofthebodyateachMachnumber.Theportions
ofthesetheoreticalcurvescorrespondingto thersqe ofvaluesof x L
forthevariationh afterbodylengthhavebeenenteredon figure22(c{
toallowcomparisonofthevariationsofthebasepressureandthepres-
sureonthesurfaceimmediatelyaheadof thebase. (Thecomparisonhas
beenlimitedtofigure22(c)sincetheReynoldsnmber ‘effectsaresmall.

. Thegeneralagreementinthevariationsof P13and P with x/L tid3-
catesthattheflowaboutthesmallerbases(C,D, andE) isundergoing
little,ifany,expansionandthatthewakeboundaryiseffectivelyam
continuationoftheconvergentbodyshape.Theschlierenphotographsof
figuxes19 to21 showthatthisconditionexistsforthesebases.The
basepressuremight,therefore,be expectedtobe inreasonableagree-
mentwiththetheoreticalsurfacepressures,excluding,of course,
valuesof x/L verycloseto 1 wherevi$couseffectsseverelyalterthe
boundaryconditions.Theforegoingresultswouldappearto implythat
thepressurefieldcreatedby thefinshaslittleeffectonthebase
pressureforthesebases.

Effectsof sting-supportdismeter.-Inviewofthesimilarity
betweentheresultsoffigure8 fortheboattailfidcylindricalbases -
andforthecuspandconi;albases,theinvestigationoftheeffectsof
sting-supportdismeterwereconfinedtotheboattailandcuspbases.The
resultsforthesetwobasesandbaseB oftheparabolicbodyarepresented
infigure24. Withintherangeof d/h valuesofthisinvestigation
theeffectsof sting-s~portdiemeteruponthebase.pressureof these
baseconfigurations(withfins),wassmall,especiallysoforthecusp
andboattailbases.Machnunberdoesnotappeartohaveanyimportant
bearingontheeffectof sting-supportdiameter.ForbaseB ofthe
parabolicbody,Reyuoldsnumberis seentohavenegligibleeffect,
undoubtedlybecausethewakeisturbulentforallvaluesofReynolds
numberequaltoor greaterthanthelowestReynoldsnumberofthisinves-

. tigation.BaseB oftheparabolicbodydoesappear,hcwever,tobe
moresensitiveto @creasein d/h thantheotherbases,andforsmall
errorsinbasepressuremeasurementsa lowerlhittigvalueof d/h

...
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wouldseem...&sirable:Figure25,whim presentsschl~eren“phot-o&aph8”
of thebasephenomenafor”baseB ofthQparab~lic.bo@as djh iS
yaried,showsthatincreasing&he@ng di&etercausesthetrailing
shocktomovetowardthebase. Theproxim~tyofthissho~ to thebase

. forthelargerstingsmight.be expectedto titiutiehigher“basepressures
sincethepressurerisethroughthe.shockmightbleed_forwardinthe ~~
wakeandboundarylayer.However,thedecreastig’basepressurewith”““
increasing,d/h shown~ figu?re24(a)~d~catesthatanysuchpressme
effectsfromtrailingshockaremorethanovercomeby”theeffectsof* increasingd~, whichcausethat~ortiongftheamml.arbasearea
stiJettedto“thehi@estviscousscavenging(closetotherimofthe
base)tobe a greaterpercentageof.‘theover-allbasearea.

r

..s.:..- .. .=

,- .-

..-=

:. .-:
. ..-

—

Comparisonoftheseresultsforfimnedbodieswi~ thoseofref-
.....———

erencesk and5 forunf.innedbodieshaving.turl@entlxmndarylayers
aheadof thebaseindicatesthatforsimilarconf’figurationsthebody ‘“

— .:

withfinsdoesnotexperiencequiteas largeeffects$romincreasing
d/h as thebodywithoutfins.

-.
...-

PressuredistributionacrossbaseA; parabolicbe”&.- Theresults-of ~__
-

pressure-distributionmeasurementsacrossbaseA oftheparabolicbody 7
arepresentedinfigure26. Thereisapparentlyno dffferegcebet.yeen..” _~
thedistributionh linewiththeplaneofth~fins== thatata 450
angletothefinplane.Theslightly‘higherpressureae=thecenter 7....-.<
ofthebase”resultingfrom“thecfic@ationtithinthe.&ake3salsoevi- ‘“ .+
dent.Similarresuitswereobtainedinthefree-flightteEtsofan ogive-
cylinderwithcircular-arcfins“normaltothebodySJCiSJreportedh
reference6.

. ...---- :.---..=----:”.-:

Effectof distuxbsmcesenteringwake.-
._—...

Figure27pres~t”sthe-res~~s
oftheinvestigationto determineatwhatpoint,dotis~resmof thebase,
disturbancesenteringthewakewouldceasetohaveCUIy’reffeetuponthe
basepressure.Thepositionofthedisturbancesimulatoris shownin -
termsof x/D,referencedas showninthesketchatthe-”topofthefigure.

At $ = O theshocksfromthefodkprongsw&e ~usttouchingthelips—..
of thebase. Thisconditionsmd”thephaigmeaaforotherlocations“ofthe
disturbancesimulatorareshownintheschlierenphotographsoffigure28
fortheconfigurationwithogivepose..andcugpb~se,Wth boththelarge
andthesmalldisturbancesimulator.

.-2 - .,;
—.

.-
—p

. -.-.—=—:

.—-- -

Forthebasesoftheparabolicbody,increastigtl@length,and” ‘- - ‘_
thereforedecreasfigthebasearea,movestheinitialpointof zeroefl%ct.. ..=
fromthedisturbancescloserto“thebase.Also,theeffectofReynolds
nunberonthe locationofthispointwith”re~pecttobaseB ismall. ~ ....
Thisinitialpointofzeroeffectisverylikelythepointatwhichau ~...

.-...,

ornearl.yallofthewakebecomessupersonic-throughinductioneffectsof ...... . ---- ---

.

c. :-

. . .

.—
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theouterstream.As shownby theresultsfortheconfigurationwith
ogivenoseandcuspbase,theweakershockproducedby thesmalldis-
turbancesimulator(seefig.28)hasa relativelysmalleffectonthe -
basepressure,andtheinitialpointofzeroeffectoccursclos=to_
thebase. Disturbanceshavingstrengthsapproachingthatofwe~ shocks -_–
orhfachwavesmight,therefore,be e~ectedtohavenegligibleeffects ..
on tiebasepressure.Examinationoftheresultsoffigure27 shows
thatata valueof x/D correspondingtithat wherethereflectednose ‘ ‘

shockfromtheradmnenoseat M = 1.62.titersectedthetie
(:x0”2)’ ‘

thelargedisturbancesimulatorcreatedpressurerisesconsiderablyin .-
excessofthatcreatedby the”reflectednoseshock,whichas stated
previmzslywas0.078.Consequently,thepresentresults’shouldgivea
conservativeestimateofthepointdownstreamofthebasewherereflected
shocksandthelikemaybe permittedtOenterthetie ~~out ~fect=g
thebasepressUre.

Thetiitialpointsof zeroeffectfromfigure27 arepresentedin
figure29as a functionoftheratioofbasediametertobodydisneter
andtheratioofwakediametertobodydismeter.Thewakediametersused
to obtatithelatterratioswereobtainedfromenlargementsof schlieren
photographsandcorrespondto conditionsexactlyatthebodybase. The
wakemeasurementsfortheparabolicbodyarepresentedk figure30as
a functionofbaselocation.Distinctinnerandouterwakeswerenoted
forthemorerearwardbases(seefigs.19to21);thesewakestendedto
uniteintoonedistinctboundaryforthemoreforwardbases.The
discrepanciesbetweenthevaluesfor’themostforwardbaseareprobably
an tidicationof theaccuracyofthemeasurements,sincetheinnerand
outerwakesweremeasuredby differentobservers.Nevertheless,there
isa clearindicationthattheinnerwakefollowsthebodyboundary
rathercloselywhiletheouterwaketendstobreakawayfromthebody
contournear ~ = 0.86.Examinationoftheschlierenphotographsof “

L
figures19 to21 showsthattheflowis supersonicat leasttoa
boundarythatisapproximatedby theinnerwake.

Withreferenceto figure29again,thecorrelationofthewake-
dismetermeasuraentswiththetiitialpointofzeroeffectfromoutside
disturbancesshowsthatthetier-wakemeasuranentsfortheparabolic
bodysrethevaluestobe considered,sticetheouter-wakemeasuramnts
donottendto extrapolateto $ = O for h# = 0,a necessarycondition

iftheinitialpetitofzeroeffectcorrespondsto theAitialpetitof
an entirelysupersonicwake.Bothfigures29(a)and29(b)showthat
increasing&eMach nwiberisbeneficialinthatitmovestheinitial
pointof zeroeffectcloserto thebase,probablyas a res~t of ficreased
inductioneffects.Comparison”oftheresultsfortheconfigurationwith .
ogivenosesmdboattailbaseinbothfigures29(a)and29(b)withthe
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resultsforconfigurationshavingthesamebasedismeter~showstheneces-
sityforconsideringtheviscouseffectstidassuminga-Teasonable~ke
diameterifa reliableestimateoftheminimumvalueof-’x/D forzero
effectisdesiredfora givenbaseconfiguration.Base-diameteralone“.
isnota sufficientconditionforthisestimation.

Alloftheforegoingresultsapply,of course,to thefinnedbodies
withoutSt= StQpOrtS.o In reference4 a similarinvestigationwasmade
atM. 1.53 foranunfinnedsting-supportedbodyti.thag.lightamo~t ~
ofboattailing.Simulatedreflectedshocksw&&eallo~dtoenterthe
wakeandtheeffectuponbasepressurews observed.Fortheturbtint
conditionof thewaketheseTesults,whencompared-with‘theresultsof -
thepresentinvestigation~indicatethatthepresenceof--astingsupport
maypermitdisturbancestoenterthewakeclosertothebasewithout
affectingthebasepressure(provided,ofcouiae,thest”ingdhter has
no effectintheabsenceof.disturbances).Thisfavorableeffectof the
sting’spresence~th regardto disturbancesenteringthewakeseemsto._
arise-fromthefact”thatthesttigreplacesa largeportionof thes-ti-
&oniccoreofthewake.Thus,itispossible-that-adisturbanceti”i&
affectsthebase-pressureconsiderablytitheabsenceof‘aSta sWPort.
mayhavelittleorno effectwheu.thestingsupport.isuEedifthepoint:”
at-whichthedisturbancewouldenterthenattia.1.wakeinthesting’s
absenceis downstremnofthepointwheretheslzlngdiameterexceedsthe
naturalwakedismeter.

Sting-swpportedbodieswithoutflns.-The”resultsOFthebasepres-::
suremeasurementsforthe.sting-supportedbodieswithoutfinsarepre-
sentedinfigures31to34asa functionofReynoldsnumber.Forthese
resultstheReynoldsriimiberindicatedfora pfiticularm-ria~ioninthe
curvesmaybe slightlylow(oftheorderof1 x 106)sincethefilling
andfairingofthefinslotsandtherounding-ofthesho~dersofthe
basesectionsfromcontinualinterchangewasobservedto causetur-
bulenceburstsorpremature“andasymmetricaltransitionon someofthe
configurationsastheReynoldsnumberfortraidtionwas-approached.
An exampleofprematureandasymmetricaltransitionisshowninfigure’35.
Exceptfortheseeffects,-theresultsmaybe consideredreliable.

Figure36 presentsa sequenceof schlierenphotographsshowingthe
variationofthebasephenomenawithReynoldsnumberat‘M = 1.93 for
thebodyhavtig”ogivenoseandcuspbase. The.phenomena-are,ingeneral,
muchthesaneasobservedinreference1 fora slenderpa-rabolicbody.
At thelowerReynoldsnumbersthel~inarflowseparates‘fidtrailsdown--
streamina lsminarwakeuntilitsdeflectionby thestingsupportestab-.
lishesthelocationofthetrailingshock.As_sQown,th~separation
masksthecontoureffectsofthebase.WithincreasingRefioldsntib-er,
wsXetransitionbeginstotakeplaceandthep’o,intoftr=sitionwithin1-
thewakestartstomovetowardthebase.Accor~glythereis increased
scavengingof thebasearea, whichinturnperiiitsa greatirexpasionof—
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theflowaboutthebase,wherebythebasepressureisloweredad the
trailingshockismovedtowardthebase.As theseparationaheadof the -., _
baseisreducedandeliminatedby increasingReynoldsnumber,thebase
contourbeginstohavemoreeffectonthephenomena;inthepresentcase
a shockoriginatesfrcmtheturningoftheflowcreatedby thereversed
slopeat therearof thecuspbase. Here,as Inreference1,whenthe
wakebecomesfullyturbulentthetrail= shockceasestohavesny
noticeablemovementandappearstoreachitsmostforwardpositionas
a resultofthehighturbulentscavmgingandthe~eaterexl?~sionof
theflowjustrearward ofthebase. Thefactthattheboundsxy-h.yer
displacanentthicknessexactlyat thebasereachesa minimmnjustprior
to transitiononthebodysurfaceaheadofthebasealsofavorsthefor-
wardpositionof theshock.Allofthesefactorsccmibineto causethe
basepressureto reacha minimumjustpriorto transitionon thebody
surfa~aheadofthebase.WithincreaseinReynoldsnumberbeyondthat ,
forinitialtransitiononthebodysurfaceaheadofthebase,the
boundary-layerdisplacementthicknessandthediameteroftheturbulent
wakeincrease.Theresultisthat,althoughthepositionof thetrailing
shockremainsessentiallythesame,as dOf3Sthe expansion Of me flow _
rearwardofthebase,theturbulentscavengingiseffectivelyreduced
smdthebasepressurewouldbe expectedto ticrease. +

Theassociationbetweentheobservedphenomenaandthemeasured
variationinbasepressurefortheotherconfigurations,asaffectedby
Reynoldsnuuiber,wasmuchthessmeasfortheconfigurationwithogive
noseandcuspbase,mibject,of course,to theslightvariationsintro-
ducedinthefomnof shocksor exparisionsby thedifferentshapesas the
Reynoldsnuuiberwasreachedforeliminationof separation.Thewel-l-
definedpeaksshownby someof thecurvesoffigures31to 34 justprior
totheReynoldsnmber forinitialtransitiononthebodymaybe attri-
butedto therelativevariationsofthemomentumthiclmessanddisplace-
mentthiclmess,as explainedinreference1,astr~sitioniSapproached.

—

Forthebodyhavtigvaryingnoseandbaseshapes,thebasepressme
curvesshowthatthe’indicatedReynoldsnumberforinitialtrsmsitionon
thebody,reg~dlessofbaseshape,variessystematicallytithnoses~Pe.
This’variationshowssm increaseinReynoldsnuriberfortrsmitiononthe
bodyas thenosechsmgesfrcmconetoradcmetaogive,thev~iation
beinglsrgestforthecylindricalandboattailbasesatallMachnumbers
andleastfortheconicalandcuspbases.Thedifferencebetweenthe
valuesofReynoldsnumberfortransitionfortheconicalandogivenoses
appearsto lieinthedegreeofadversenessofthepressuregradienton
thebodyjustrearward ofthepointwherethenoseshapejoinsthecylin-
dricalcentersection.Theadversegradientsbeginat thesamestation
forbothnoseshapes,but,as showninfigure9, thetheoreticalgra-

..

clientfortheconicalnoseismoreseverethauthatfortheogivenose
.-

andwouldbe expected,thereforetocausethebo~dary~Yer to
—

becomeunstableat a lowerReynoldsnunber.Thoughno theoretical
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pressuredistributionwascalculatedfortheradcxnenose?theadversegra-
dientcreatedflustrearward ofthejunctureoftherqd~ profileandthe
CylhdriCd centersectionmightbe expectedb be ofthe-”s~or&r””~s““--
thatfortheogivenose.However,thisadversegradientfortheradome‘
nosewouldoccuxata stationaheadofthatfortheogivenoseand,there-
fore, transitionat thebasewouldoccurata Reyzioldsrii,miberltiei.t~””
thatfortheogivenose.As wasthecasefor:thefinne&b@ies,there
isno significanteffectofnose“shapeuponthebasepressure.

BeyondtheReynoldsnumberforwhichtransitionfirstoccursonthe”
body,thereisa significantMachnuriber-effe~tuponthe-magnitude“ofthe
increaseinbasepressure.Thisincrease(inpercentof themintiumbase
pressure},aswellastherateof increase,isreducedbyincreastigllac,h
nmber as showninfigure37(a)..Apparentl.y,theincreasedscavenghg
thataccompaniesincreasingMachnumberoffsetstheeffectsofa “thickb
eningboundarylayersndwaketocaussthisMachnuniber“effect.The
resultsoftheinvestigation.ofdisturbancesenteringtQewake,presented
previously,haveindicated”m”increasedscavengingfron_3.n~e.asingMach
number.Extrapolationsoftheretitsof-figure37(a) seemto tidicate
thatthethickeningoftQeboun~ layerandwakesndtieincreased
scavengingwouldtendtonullifyeachotherata Machnumberof.about3.
andthattrsmsitiononthebodysurfacewouldhave”littleeffectonthe
valueofbasepressurecreatedby-thefullyturbulentwake,regsmlless
ofbodyorbaseshape.Thevalidityofthisindicationis,of-course,
mibjecttoexpertientalconfirmation.Infigure37(b)thevaluesof
minimumbasepressurecoefficientareshownas a functionofMskhnunber.
Theeffectsof.theinterdependenceofbo~diiie Wdhas%”shapeare”~een
tobe appreciableintieMachnumberrangeofthesetests,andnoready
extrapolationIs indicatedforallofthecurvesaswasthecaseforthe-
curvesoffigure37(a).Theredoesappearto”be”ageneraltendency ‘–
towardconvergenceat,higherMachnunbers,‘butthismaybeno morethan
thatforceduponthevariationby thedecrease-hlimitingbasepressure
withincreasingMachnw.uber. —
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Theresultsofthebasepressuremeasurementsforwe unfinnedp~-”
abolicbodywithbaseA (fig.34) showtrends””stillartothoseofthe
resultsreportedinreferences1 and”r(fortheRli-10bo~, whichisalso
parabolicbutofhigherfinenessratio.Forshnderpar=bolicbodies,”””
ingeneral,thereisapparentlya consistent‘lstep”inthe%asepres-
surecurve,intheReynoldsnumberrange below-”tiat.fortransitionon ‘“ -- ;:~~
thebody,whichcorrespondsto theoccurrenceof@se tr&nsition.1 —.-

%n theeditingofthepresentpap=. one-ofthereviewersca~led .,._~
attentionto therecentwo~”ofCr6ccoam.dLees(seeref.‘8)i””With minor
exceptions,thetheoretical~redictionsofthe,.~ualitatlveef$ectof
Reynoldsnumberuponbasepressuremadeby CroccoandLeiSsareinagiee-”

.-=.—

mentwiththeconclusionsofreference1,whichwerebasedentirelyon ti-

experimentalresultsthatincludedmeasurementandobservationof such -.
phenmnenaaswaketransition. .— ~.

-.. .
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Fineffectsonbasepressure.- Theeffectsof thefinson thebase
pressureareshowninfigures38and39,where@ ISequalto ~
withfinsminus ~ withoutfins. Inmostinstancestheeffectsof the“
finsforthebodywiththevariousnose-basecdbtiationsaresmall
(fig.38). Thesignificanteffectsappeartobe viscous effectsfrom
thetriggeringofthebound&ry.layerby thefin-bodyjuncturewhenthe
flowoverthebodywnuldotherwisebe lsminar.Whentheflowoverthe
bodyisturbulentwithoutthefins,additionofthefinshaslittle

effect,as-shownby theresultsat R = 8.06X.106.Thelargertieffect;‘“””“-”
would,therefore,be expectedtooccuratthelowerReynoldsnumbersand
lowerMachnwibers.FortheparabolicbodytithbaseA (fig.39)the
effectsofthefinsareparticularlylargeat tielowerReynoldsnumbers
andtendtoapproachzeroas theReynoldsnumberIsapproachedforwhich
naturaltrsmitionwouldoccuronthebodywithoutftis. Thus,forfins
ofthetypeemployedinthesetestsand@ilarly locatedwithrespect
to thebase,thefineffeetsuponthebasepressurearepredominantly
viscouseffects,regardless‘ofthebaseorbodyshapeinvestigated.

A fairapproximationoftheratioof ftispantobodydismeterb/D
thatcorrespondstothefineffectsdescribedinthe.prece~ paragaph
maybe calculatedfromthemeasuredinitialpointdownstreamofthebase
wherestrongdisturbancesenteringthewakewerefoundtohaveno effect,.
andfromtheassumptionthatthefictitiousfh tipproducesa disturbance
inclfiedata Mach=gle correspondingtothefree-stresmMachnumber.
Theintersectionof theMachlinepassingthroughthetiitialno-effect
wakepointwiththeleadingedgeofthefinwouldthusdeterminethe
finSps+.Thevaluesof b/D calculatedon,thisbasisarepresented
infigure40. Valuesgreaterthanthoseshownwouldhavethessmefin
effects,sincethetipdisturbanceswouldenterthewakedownstreamof
theinitialno-effectpoint.Valuessomewhatlessthanthoseshown
shouldcauselittlevariationinthefineffects,sincethefineffects
havebeenshowntobepredominantlyviscouseffects.Inaddition,the
tipdisturbanceswouldprobablynotbe as strongas thoseproducedby
thethinnestforkusedtithedisturbanceinvestigation,theeffectsof
whichweresmallandforwhichtheinitialno-effectpointwascloserto
thebase. Allofthefineffectspresentedpreviouslycorrespondto
thatportionof thefinswhichiscirculararcin section,sinceall

valuesof b/D bshowninfigurek(larewellbelowthevalueof ~ = 6.9
thatdefinesthepointonthefinstierethefinsectionceasestobe a
circulararc.
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CONCLUSIONS -e”

An investigation hasbeenmadeatMachrm.nnbersof-1.62,1.93,and
2.41ofthebasepress~eonbodiesofrevolutionwithmd without8wept-
backstabilizingfins.Theeffectso?nose.”shapeandbaseshape“were
investigatedforabodyhavinga cylindricalcentersetiion,and”the
effectsof cut-offlen@ wereinvestigatedfor.aKle@erparabolic
body. Theeffectsof stingdieneteranddisturbancescenteringthewak-e
werealsodetermined.Theover-allReynoldsmmiberF~ge of thetestti
wasapprox~tel.yfrom1 x 106to 10X““106,%asedonb-odylength.“T!he-
followingconclusionswereindicated: - —

..-

—. -—

1.Forfinnedbodies,theeffect”of-va~ingReynoldsnumberis —
smallsince,exceptforverylowReynoldsn@nbers,thefin-bodyjuncture
createsa turbulentboundarylayerthatcompletelyenshroudsthebase. .

2.Thevariationofbasepressurewith.Re@oldsnumberforallthe
..—

unf.innedbodiesof’thesetestsfollowedthepatterndescribedinNACA
RM L5~21 -“dalsoh thetheoreticalresultsofCroccoandLees.This .
variationappearstobe typicalforbodiesofrevolutimtigeneral.

3.Fortii.nnedbodies,indicationsarethatbeyond-aMachnumber P—
ofapproximately3,transitiononthebodysurfacewouldhavelittle
effectonthevalueofbasepressurecreatedby a fullyturbulentwake, .
regardlessofbaseshapeorbodyshape. —.

— L. .—L —

4.Theeffectofnose.shape*S -11 forboththefinnedand .-

unfinnedbodies.The.onlysignificanteffectsforthetifimedbodies-.
-r

were thesmallchsmgesintheReynoldsnirmb&roftransition,which
variedaccordingtotheseverityoftheadversepress~e.gadientjust
rearwardofthejunctureofthenosewiththecylindricalcentersection
ofthebody.The“triggering”oftheboundarylayerat thefin-body“
junctureeltiinatedthisviscous-pressure-gradient.ef&ct forthefinned ~
bodies. -— —.=

5..Someofthebaseshapes,thoughcon~idera%lydifferentgecunet- ,=
rically,producedapp.roximiitelythesamebasepressure-becauseoft~eir

.-—

similarwakes.Thisresultwastrueforboththefinnedandunfhned ‘-
bodies. — .—

—
6.,Fortheparabolicbody,thevariationinbase~ressurewith--cut- -

--

offlengthfollowedcloselyboththemagnitudeandtrendofthepressure
— —

onthebodysurfaceimmediatelyaheadofthebase.
—

Thisvariationin
basepressureheldtruefortherearmostportionof thebodywherethe.
pressurerecoverycreatedpositivepressures. @—— -—

—
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. 7. Forsweptbackf@s ~f’thetypeemployedinthisinvestigation
andsimilarlylocatedwithrespectto thebase,theeffectsofthefins
uponthebasepressureareessentiallyviscouseffectsthatresultfrom‘“-

x thecreationofa turbulentboundarylayerby thefti-bodyjuncture
whentheflowintheabsenceoffinswouldbelsminar.Therefore,when
theflowaheadofthebaseisturbulentfortheno-finscondition,addition
ofthefinshasonlya smalleffectonbasepressure.

8. Varying thediameterof thestinginthepresenceof thefinned _
bodieshadlittleeffectuponthebasepressureforthebasesofthe
bodyhavinga cylindricalcentersection.Forthefinnedparabolicbody
thebasepressurewasmoresensitiveto changesin stingdismeter.

9. Thepointdownstreamofthebaseofthefinnedbodies(nosting
support)wheredisturbancesenteringthewakeceasedto affectthebase
pressuremovedclosertothebasewithincreasingMachnumberandappeared ____
tobe a functionofthewakediameterat thebase,theMachnumber,and
thebasegeametry.Comparisonswithresultsforsting-supportedbodies
havingturbulentboundarylayersaheadofthebaseindicatedthatdis-
turbancesmaybe pemnittedcloserto thebaseof thebodyforsting-

. supportedbodiesthanforbodiesinfree-flightcondition.

. LsmgleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Va.
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